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ABSTRACT 
 
Measurements on neutron fields, mainly for dosimetric purposes, have been a major concern 
for ionizing radiation workers, because of the radiation protection issues. The present work 
aims to study the using of bubble detectors in neutron dosimetry and the Bubble Detector 
Spectrometer (BDS) was chosen for this task. Several experiments were performed in order 
to obtain spectra from such devices and their respective analysis and then they were 
compared to those which were obtained by other ways. An Am-Be calibration neutron source 
from Instituto de Radioproteção e Dosimetria / Comissão Nacional de Energia Nuclear 
(IRD/CNEN) was used and its spectrum was compared to the one obtained by BDS. The 
possibility of the use of such devices as ambient dosimeters was also evaluated. Despite the 
uncertainties, especially in the lowest energy thresholds, the spectrum from BDS is in good 
agreement with the known ones and the use of BDS as a dosimeter demands a more detailed 
study due to some characteristics of the Am-Be source that produce high uncertainties in low-
energy thresholds.   
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1. INTRODUCTION 
 
 The advances of nuclear technology, despite their benefits, have brought many issues related 
to people’s exposition to radiation, on an occupational [1-3] and on clinical levels [4, 5]. It’s 
easily possible to find in literature information on X and gamma rays’ radioprotection [6]. 
However, there’s a quality of radiation which creates a lot of concern for those who are 
directly or not involved with: the neutron field, whose exposition can be found, besides 
background radiation, in several areas, like science, technology and medicine [7]. 
 
Extensive researches have been doing in order to improve neutron monitors’ energy response 
for using in mixed radiation fields. In order to achieve the recommendations and policies 
from International Comission on Radiation Protection (IRCP), intense experimental and 
computational efforts have been making for development of thermal neutrons detectors and 
their results have been comparing and analyzing [8-10].  
Despite the stimulating results, the reduction of those devices is still necessary, in order to 
provide more accurate dose equivalents in several radiation fields [11, 12]. Such efforts 
culminated in creation of superheated emulsion detectors, also known as bubbles detectors  
 
The main goal of this work is the use of spectrometers based on superheated liquids, which 
are the main foundation of bubble detectors. They are sensitiveness to gamma-rays, which 
allows their use in large scale neutron’s spectrometry and dosimetry nowadays [13].   
 
Bubble detectors are very important tools on radioprotection. Different to other neutron 
monitors, they make possible either weak or strong neutron fields by direct visualization, 
which allows a fast action in order to respect maximum neutron doses and to avoid 
undesirable ones for patients and workers. They can allow measurements, beside in 
radioactivity facilities, in airplanes and rockets, for instance [14]. Despite such importance 
for neutron dosimetry, bubble detectors are not much used in Brazil, although the subject is 
studied in radiation detection’s textbooks [15, 16].  
 
A task with this magnitude is justified by the absence of detailed and recent studies on bubble 
detectors in Brazil, which makes the modernization of procedures in their use a relevant 
subject, intending to a more effective and on a higher level, because of their many appliances.  
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2. MATERIALS AND METHODS 
 
2.1. Bubble Detector Spectrometer (BDS) 
2.1.1. Basic features 
 
In two previous works by this research group [17, 18], some proprieties of bubble detectors 
have already been studied. A small summary of such bubble’s detectors characteristics is 
show on Table 1. 
 
Table 1.  Brief summary on bubble detectors 
 
Creators 
Donald Glaser (Bubble Chamber), Robert Apfel (superheated 
emulsion) and H. Ing and H. G. Birnbom (use of polymers as an 
environment for superheated emulsions)  
 
 
 
Constitution how it works 
Based on retention of superheated emulsion’s droplets (Freon about a 
few cm3) inside a matrix which is not supposed to be mixed with. These 
droplets are converted to bubbles due two physical phenomena: 
superheating and nucleation. Bubbles can be counted by either active 
or passive ways.  
Main kind and manufactures Actives (Apfel Enterprises) and Passives (Bubble Tech Industries)  
BTI Bubble Detectors BD-PND (personal dosimeter);  BD100R (personal dosimeter without 
temperature compensation); BDS (low-resolution spectrometer)  
The goal of his work is the spectrometry of neutron fields using bubble detectors. For such 
task, Bubble Detector Spectrometers (also known as BDS, in Figure 1) was used. Its main 
function is the low-resolution neutron spectrometry, between 10 keV and 20 MeV. Each BDS 
set has 36 detectors, 6 for each energy threshold: 10 keV, 100 keV, 600 keV, 1 MeV, 2.5 
MeV and 10 MeV.  
 
 
 
Figure 1.  A Bubble Detector Spectrometer Set 
The details on energy threshold definitions are not explained by manufacturer [19, 20]. 
Figure 2 shows BDS’s response functions in their several energy levels [21].  
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Figure 2.  BDS’ normalized responses  
2.1.2. Operation Instructions 
 
A single detector has a label with an ID number, energy threshold and sensitivity. For 
instance, if in a BDS’s label shows “BDS-100 1.2#1”, the meaning is that the detector has 
100 keV threshold energy, 1.2 bubbles per mrem and 1 as ID number.  
 
In order to turn BDS sensitive to neutrons, it must be placed upside down and have the screw 
cap opened, intending to allow the liquid to cover the border and putting again the cap, which 
is not supposed to be compressed.  
 
After the exposition to a certain neutron field, the registered bubbles inside detectors are 
counted. In order to be possible to see bubbles by naked eye, it’s recommended that such 
procedure to be done 30 minutes after exposition.  
 
2.1.3. BDS’ stripping spectra procedures  
 
Neutron spectra determination with BDS is preceded by placing the set of detectors in a 
neutron field during a previous established amount of time. It can be properly estimated by a 
six-region histogram, which corresponds to BDS’ six threshold energies. 
 
The neutron energy beam’s interval of interest is from 10 to 20,000 keV and the fluency per 
unity is constant in all of the histogram’s intervals.  
 
The spectra strip begins with the bubbles counting and the normalization of such values, by 
dividing the number of bubbles by detector’s sensitivity, which is provided by BDS’ 
manufactures. This quantity (which is represented by Ri) is given by:  
sensivity
bubblesRi   (1) 
 
When a certain number of detectors (k in this work) with the same energy threshold is used, 
the standard response in each of them is given by:  
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A set of intermediary calculations intending to determine the number of neutrons (Ni) is now 
preceded with standard response Ri, is given by equation:  
NR iiji   (3) 
Where i and j varies from 1 to 6, and j represents energy threshold intervals in each detector i 
and σij is the mean response of detector i in j intervals, whose values are listed in Table 2.  
 
 
Table 2: Histogram intervals. They correspond to mean cross sections for BDS for 
neutrons in the respective energy thresholds. [21]  
I.D. 
j
= 
1 
(0,01-0,1) 
2 
(0,1-0,6) 
3 
(0,6-1,0) 
4 
(1,0-2,5) 
5 
(2,5-10) 
6 
(10-20) 
 
MeV 
BDS-10 1 5 x 10-6 2,5 x 10-5 2,92 x 10-5 2,97 x 10-5 4,15 x 10-5 4,78 x 10-5  
BDS-100 2 -- 2,27 x 10-5 3,14 x 10-5 3,23 x 10-5 4,47 x 10-5 5,09 x 10-5  
BDS-600 3 -- -- 1,60 x 10-5 3,27 x 10-5 4,75 x 10-5 5,45 x 10-5  
BDS-1000 4 -- -- -- 1,32 x 10-5 3,50 x 10-5 5,90 x 10-5  
BDS-2500 5 -- -- -- -- 2,99 x 10-5 8,70 x 10-5  
BDS-10000 6 -- -- -- -- -- 4,35 x 10-5  
 
In some energy thresholds, it may appear a few or even no neutron in source’s spectra. In 
such circumstances, Ni can be negative due to statistical uncertainties. In that case, replacing 
Ni by zero is recommended. This procedure is known as “non-negativity” condition, which is 
imposed to obtain the spectrum.  
 
The fluency per energy initial unit can be obtained by the respective histograms in each one 
of them:  
E
N
i
ienergyfluency

    (4) 
Total fluency during BDS’ time of exposition and its ratio are, respectively: 
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Finally, the fluency by energy unit ratio can be deduced by the combination among (4), (5) 
and (6):  
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2.1.4. IRD/CNEN’s Am-Be reference sources 
 
The first task before the usual appliances of any radiation detector in Brazil is to proceed their 
calibration, according to agencies regulation’s policies. For neutron monitors, reference 
sources are available at LMNRI/IRD’s Neutron’s laboratory.  
 
Americium-Beryllium source was used in this work because it’s the Brazilian standard for 
neutron fluency (78). Their most known spectra can be seen in Figure 3.  
 
Figure 3: Am-Be most common neutron spectrum [22] 
 
The main characteristics of IRD’s Am-Be source (Figure 4), which was used in this work and 
its spectrum are exposed respectively in Table 3 and Figure 5.  
 
Figure 4: IRD’s Am-Be sources from IRD. The one in the middle was used in this work. [23]  
Table 3: IRD’s Am-Be neutron source information [22]  
Source Characteristics  Values 
Manufacturing date March 26th, 1973 
Model 31/105 
Series A639 
Activity 0,2 TBq 
Half-Life 432 years 
Neutron Production 107 neutron per seconds 
Spectrum interval 1 to 11 MeV 
Intervalo com 60% de nêutrons emitidos 3 to 8 MeV 
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Figure 5:  IRD’s Am-Be neutron spectrum [22] 
 
2.2. Experimental procedures  
 
2.2.1. BDS’ irradiation 
 
Measurements with BDS, which was purchased by LNRTR/COPPE/UFRJ were proceeded 
by exposing them to IRD’s Am-Be source in August, 2008.  
 
For neutron fields from Am-Be source, six BDS, each one corresponded to an energy 
threshold, were irradiated according to the setups shown in Figure 6.  
 
 
Figure 6: BDS’ irradiation Setup  
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The  detectors were exposed to ionizing radiation field produced by reference Am-Be neutron 
source during 29 minutes, where BDS were subimeted to an ambient dose of (0.96 + 
0.09)mSv, close to maximum dose for use of BDS in radiation fields (1 mSv). This procedure 
was performed at (20+5)oC temperature, (101.3+5) kPa pressure and (55+5)% of maximum 
air humidity. The radiation geometry was detector’s longitudinal axis, perpendicular to 
reference irradiation beams which its geometrical center is a reference point.  
 
2.2.2. Stripping spectra process  
After irradiation at IRD facility, the produced bubbles were counted by a manual way, using 
a procedure developed by this research group [18]. Final counting of each detector were 
gotten by procedures based on radiation statistic counting [15, 16, 24, 25], which was 
customized for bubble detectors, applied to each BDS model whose fundamental statistical 
parameters were arithmetic mean, standard deviation and mean deviation. For each detector, 
the previous counting were submitted to a statistical analysis by a portable version of Origin 
6.0.  
These results were used, at last, for stripping spectra with the procedures described on section 
2.1.3. Portable versions of MATLAB and Origin 6.0 were used in these procedures.  
 
 
2.2.3. BDS as dosimeter 
 
According to BTI’s brochures and papers in literature [20, 26, 27], the BDS’ standard 
responses which were calculated by equation (2) have dose’s dimension.  
 
In order to verify whether this is either true or not, which would make possible the use of 
BDS as dosimeters, the standard responses of the bubble detectors which were irradiated by 
IRD’s Am-Be neutron source were calculated and later compared to the ones obtained by 
computational simulation in  MCNP5 and the one which was measured during irradiation 
process.  
 
This procedure is based on [26, 27] references, where BDS standard responses were related to 
reference values (experimental and MCNP simulation) either for partial or total values.  
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3. RESULTS AND DISCUSSION  
 
3.1. Results 
 
3.1.1. BDS’ manual counting and Am-Be spectrum 
 
The BDS images after irradiation are shown in Figure 7 and the basic statistics can be seen in 
Table 4. The main information on each BDS are highlighted in yellow.  
 
 
BDS_10_18 
 
BDS_100_12 
 
BDS_600_14 
  
BDS_1000_17 
 
BDS_2500_13 
 
BDS_10000_066 
Figure 7: Images of BDS which were exposed to Am-Be at IRD 
 
Table 4: Irradiated BDS’ statistical counting 
# Série Identificação Nmédia σN SN Nmín Nmáx Mediana 
7341412 BDS_10_18 243,54 7,64 2,12 230 261 244 
7344251 BDS_100_12 166,15 5,64 1,56 155 175 167 
7344238 BDS_600_14 244,00 10,16 2,80 224 259 245 
7354341 BDS_1000_17 257,92 16,22 4,50 231 292 258 
7354442 BDS_2500_13 333,77 12,78 3,54 305 362 333 
915297 BDS_1000_066 36,15 1,77 0,49 34 40 36 
 
The spectrum from Am-Be source obtained by BDS can be seen in Figure 8.  
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Figure 8: BDS’ Am-Be neutron spectrum  
 
3.1.2. BDS as dosimeter  
 
The comparison between BDS’ standard responses and the doses due to Am-Be source’s 
simulation are shown in Table 5 and the comparison between BDS-10 and reference values 
are illustrated by Figure 9.  
Table 5: Comparison between BDS standard responses and doses due to Am-Be source 
which was calculated by MCNP (H*(10)) 
Elimiar 
(keV) 
# 
Bolhas 
Sens. 
(b/ µSv) 
Resp. 
Padr. 
H*(10) 
(µSv) 
Resp. Padr. 
H*(10)limiar 
Resp. Padr. 
H*(10)total 
10 242,08 0,18 1345 1,12 1200 1,70 
100 116,15 0,12 1385 36,5 38 1,75 
600 244,00 0,14 1743 37,0 47 2,21 
1000 255,08 0,17 1517 121,9 10 1,92 
2500 333,82 0,13 2567 579,5 5 3,25 
10000 35,83 0,066 545 10,9 50 0,69 
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Figure 9: Comparison between BDS_10’s standard response and equivalent dose 
values, with their respective error bars.  
 
Finally, the dose and dose ratio obtained by BDS are 1345+673 µSv and 0.75+0.37 µSv/s, 
respectively.  
 
 
3.2. Discussion  
 
3.2.1. BDS’ manual counting and Am-Be spectrum 
 
Considering only the bubbles on a qualitative level, a great amount of them were gotten by 
Am-Be irradiation, which is coherent to intense neutron field which BDS were exposed.  
 
Despite large uncertainties, the spectrum from BDS is in good agreement with the reference 
one shown in Figures 4 and 5 and Zanini et al’s work [19] (Figure 10), where bubble 
detectors were combined with BUNTO software, which is a BUNKI (software used for 
spectra by Bonner Spheres [28]) variation.  
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Figure 10: Zanini et al’s neutron spectrum  
 
 
3.2.2. BDS as dosimeter  
 
Standard responses for each BDS, which has dimension of dose equivalent, according to BTI, 
has are much bigger than the values obtained by MCNP simulation. Such overestimate was 
also checked by Ross et al [29] when they studied neutron fields from clinical accelerators 
with intermediary energy. Hence, considering standard responses as a dosimetric quantity is 
not recommended in a first moment.  
 
If only BDS with 10 keV as threshold energy were considered, because of the high error 
propagation, it’s possible to assume that detector is able to get neutrons of all energies during 
irradiation. The results are much more coherent with the sum of standard responses, although 
they are still very high.  
 
For energies lower than 2 MeV, Am-Be’s spectrum shape depends on many other parameters, 
such as source’s activity, size, americium and bellirium grains, humidity and pressure inside 
shell, etc [30]. Two spectra with different activities are shown in Figure 11.  
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Figure 11: Am-Be’ neutron spectra from two sources of different activities 
 
 
 
4. CONCLUSIONS  
 
This work investigated bubble detectors, in order to evaluate Bubble Detector Spectrometers' 
potentials and limitations. The exploratory studies were successful. However, the lack of 
bubble detectors' material in Portuguese, especially for the interpretation of the results from 
experimental procedures reinforces the writing on the theory behind their operation.  
 
Am-Be neutron source, which was used in this work, has characteristics that influence its 
experimental and dosimetric measurements in the lowest energy levels excessively.  Such fact 
induced to high uncertainties during stripping spectra with BDS, especially during the 
intercomparisons between MCNP for doses calculations in the respective energy thresholds.  
Neutron dosimetry is one of the most complicated subjects on radiation studies. Differently to 
other neutron monitors, bubble detectors are very useful tools in radioprotection because they 
can detect instantly a neutron field, which allows quick actions in order to avoid undesirable 
doses for all the people who are involved with such radiation.  
 
The calibration with national standards with BDS was not possible, due to Am-Be 
characteristics and the issues related to temperature and recompression of such detectors. The 
use of BDS-10 as dosimeter must take in count the high uncertainty and overestimate dose, so 
its use can not be the only neutron methodology for this kind of radiation field. Therefore, 
BDS must be used only as a first step in order to verify the presence and posterior 
radioprotection actions which must be adopted, beside always proceed another neutron doses 
measurements for a more accurate dosimetry.  
 
For future works, this research group intends to investigate the use of BDS in a unknown 
neutron spectra, beside to study other detector proprieties, such as its re-use. Turning the 
stripping spectra automatic is also an objective of the team.  
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